fER Ladbs )

CB No. L4H12

N DVISORY COMMITTEE FOR AERONAUTICS
'NATIONAL ADVISORY CO
) ——

WAR'"ME REPORT

ORIGINALLY ISSUED

August 194k as
Confidential Bulletin L4H12

WIND-TUNNEL INVESTIGATION OF AILERON EFFECTIVENESS
OF 0.20-AIRFOIL-CHORD PLAIN AILERONS OF TRUE

AIRFOIL CONTOUR ON NACA 65,-415, 653-418

AND 65h-h21 ATRFOTIL, SECTIONS

By Albert L. Braslow

Langley Memorisl Aeronautical Laboratory
Langley Fleld, Va.

NAGA

. ,\' _A,_ L) A ‘E—JEJE;R_ARY
LANGLEY MEMORIAL AERO )
o NAUTICA]T
WASHINGTON T ABORATORY
Langley Field, Va,

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

.‘.

L - 178




3 1176 01363 gggg
NACA CB No. ILmi2:

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

CONFIDENTIAL BULIETIN

WIND-TUNNEL INVESTIGATION OF AILERON EFFECTIVENESS
OF O.ZOfAIRFOIL-GHdRD PLAIN ATLERONS OF TRUE
ATRFOIL CONTOUR ON NACA 652-u15, 655-u18

AND 65h'h21 ATRFOIL SECTIONS

By Albert L. Braslow
SUMMARY

An investlgation was made in the NACA twn-dimensional
low=-turbulence pressure tunnel to determine the alleron
effectiveness of 0,20-airfoll-chord plain allerons of
true alrfoll contour on the NACA 65 -hl 652~-1418, and

65h-L21 alirfoll sections. Ths aileron effec i veness

parameter (chenge in sectinn angle of attack with slleron
deflection at constant 1ift coefilcisant) decreased very
slightly wlth an increase in alrfoil thlckness from 15 per-
cent to 21 percent. At higher deflectlons of the allerons
end hilgher sectlon angles of attsck, the increment of
section 11i't coefficlent due to alleron delflection was

more appreciably reduced with an increase of alrfoll
thklclimess than was the alleron sffectiveness parameter.

The slope of the alrfoll section 1ift curve c, was

a
substantlally the same for the three alrfoills tested.
INTRODUCTION

The use of low-drag alrfoils has led to increased
- wing-tip-thickness ratios for the purpose of improving
the aerodynamic characteristics of the wing. Without
causing much increase in drag, these larger tip thick-
ness ratios of low-drag wings increase the low-drag
range, improve stalllng characteristics, and decrease a
shift in spen load distribution when compressibility
conditions are encountered. This trend toward the use
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of thicker outboard low-drag airfoll sections has led to
the deslrabllity of securing data regarding the effects
of thick airfolls on alleron effectiveness.

The purpose of this investigation was to determlne
the aileron effectiveness of 0.20=-airfoll-chord plain
allerons of true alrfoll contour on the NACA 652-h15,

653-h18, and 65h_h21 low-drag alrfoll sections., Tests

have been made in the NACA two-dimensional low-turbulence
pressure tunnel at a Reynolds number of approximately

6 x 10 end a Mach number less than 0.1%3. Lift measure-
ments were made st alleron deflectlons through an approxi-
mate range from -20° to 20°.

SYMBOLS AND COEFFICIENTS

The synibols and coefflclents used In the presenta-
tion of results are as follows:

Qo airfoll section angle of attack
cy- alrfoll sectlon 11ft coeffilcient
e airfoll chord

R Reynolds numbsr

Ac, cy with slleron down mlinus cy with alleron up

6g alleron deflection with respect to airfoll

C1,° (6cz/bao)5a=oo (measured at a5 = 0°)
claa= (601/55a)a0=00 (measured at 6, = 0°)

(6ao/65a)cz aileron effectiveness parameter (%Zaa/bla)

DESCRIPTION OF MODELS AND TEST METHODS

The three models, of 2li-inch chord, were constructed
at the Langley Memorial Aeronautical Laboratory and hed
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NACA 655-115, 65§-h18 .and, 65h'h21 airf011 sections; the

ordinates of these airfoll sectlons are presented in
tables T to TII. The models were constructed.of laminated
mahogany, painted  with lacquer primer surfacer and sanded
smooth, and were equipped with 0.20c plain. allerons of
true alrfoll contour made of solid dural to minimigze span-
wise deflections of the alleron under load. The alleron
gaps were sealed with modeling clay for. all tests.
Drawlngs of the allerons are presented in figure. 1.

: The models  spanned the rectangular ‘teat section, and
section 11ft coefficlents were obtained with a manometer
arrangement that 1ntegrated the 1lift, reactlon of the
model on the floor and the celling of the wind tunnel.
Section 1ift coefficlients and angles of attack were
corrected for tunnel-wall effects according to the
following formulas::

cz= EL -25(‘(4' O') - ‘(_—JGL'
a, = (1 + ) a,'
where
cy' airfoll section lift ceeffleient measured in tunnel
ag! alrfoll sectlon angle of pttack with respect to
free-stream tunnel air
factor dependent on alrfoll shape
¥ factor éependent on ratio of alrfoll chord to
tunnel helght
o factor allowing for interference of model on
static-plate pressure; dependent on size and
location of model
The ‘values of 1 -~ 2B(y + 6) - 4 were 0.975, 0.973,

and 0.971 for the NACA 652-h15, 653-u18 . and 65h'h2 &ir-

foll sections, respectively. The quantity 1 + & was
equal to 1.015 for all three alrfolls.
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RESULTS AND DISCUSSION

Plein-alrfoll gectlon characteristlics of the thres
elrfolls tested are given 1n reference 1l. The section
11ft coefficlients presented herein may differ slightly
from those in reference 1 as a result of lmproved cor=-
rection factors used for the present caloculations.

Alleron effectiveness 1s measured by the change in
section angle of attack per unlt aileron deflection at
a constant Cy. The value of this parameter varies
with alleron deflection and usually becomss smaller with
larger deflections. As the alleron deflection 1s decreased,
tha effectiveness approaches a limiting value equal to
5 /bz or {da, 53)c which 1s used herein for

purposes of comparlson.

I1ft chsracteristics of the airfoll sectlions tested
are presented in figures 2 to | for several alleron
deflections approximately from -20° to 20° The varia-
tions of ¢; , ¢y , end (6ao/bba)c with eirfoil

6 a’

a
thickness are presented in figure 5. The value of cza

for the three airfotls tested remained substantially
constant; the values ranged from C.112 for the l5-percent-
thick airfoll to 0.111 for the 2l1~percent-thick alrfoil.
The valus cof (bao/BGa) decreased very slightly from

C.479 for the 15-percent- thick airfoil to 0.466 for the
2l-percent-thick airfoll. The Bverage value of
(0a,/MD08q),  for the three alrfolls tested 1s approxi-

mately 86 ﬁercent of the value predicted from thin-airfoil
theory (reference 3) and is 5 vercent greater than the
value obtalned on the NACA 0009 alrfoll as presented in
reference 2 {(also shown in fig. 5).

A more pronounced effect of aifoll thlickness on
alleron effectiveness occurs at the higher alleron
deflections and section angles of attack at which the
gir flow over the alleron has serarated. At the higher
sectlon angles of attack, -the increment of section lift
coefficlient due to total alleron deflections of *10°
+15°, and 1200 decreases with an increase of alrfoll’
thickness as shown by the curves of Ac; plotted agalnst

a, 1in figures 6 to 3. For a total aileron deflection
U

o]



NAGCA CB No. LLH12® TR 5

of 115° at a section angle of attack of 12° (fig. 7),
the” "A¢; “aveileble for the 15-, 18-, and 2l-percent-
thick airfolls is about 56.3, 50.3,and LL.5 percent, |
respectively, of the theoretical value. of AcZ The

theoretlcal value of Ac, was chalculated by using

thin-airfoil values of Zn 27 for the lift-curve
slope o3 and 0.55 for - ( /bBa) obtained from

reference 3.-
CONCLUDING REMARKS

The alleron effectiveness parameter (change in
sectlon angle of attack wlith aileron deflection at
constant 11ft coefficlent) decreased very slightly with
an increase 1n airfoilil thickness from 15 percent to
21 percent for the FACA 65,-L15, 65 =113, and

65h—h21 ali rfoll sections. At higher deflections of the

0.20-alrfoil-chord allerons and higher sectlion angles of
attaclkk, the 1ncrement of sectlon 1li1ft coefflzlent due to
alleron deflection was more appreclably reduced with an
increase of airfoll thickness than was the alleron effec~
tiveness parameter. The slope of the alrfoll section
117t curve ¢y was substantially the same for the three

a
alrfolls tested.

Langley liemorial Aeronautical Laboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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TABLE I.- NACA 652-h15 ATRFOIL

TStatlons and ordinates glven
in percent of airfoll chord]

Upper surface Lower surface
Station Ordinate Statlion Ordinate
0 0 0 0
.5&2 l'f%6 . 688 -1.g16
.541 1.1,83 .953 -1.201
1.817 1.§q3 1.283 -1.465
2.231 2.577 2.769 ~1.9%3%
L.697 2.865 5.g03 -2.601
§:¢oa 72 1§1518 331507
» OV . . =9
13.69 Z.Bui 15.%03 -Z.1h9
19.72 5.807 20.27 -l. 623
2L .76l 547 25.23 -L.967
29.807 9.090 20.193 -5.202
3L.854 9-%53 5.146 -5.333
.903 9.637 0.027 -5.353
953 9.617 L5.cLy ~5.237
0.000 9.371 50.C00 - .955
31083 8- 207 257237 3025
65.106 Z.uzg ZB. aly - .533
7¢.12L .50.0 69.876 -2.652
5.131 E. 0 7.8 -1.950
0.126 .337 gﬁ.87 -1.26%
85.109 3,32C .891 - 62§
90.080 2.175 89.920 -.107
95.040 1.057 9L,.960 .207
100 0 100 0
: L.BE. radius: 1,505 _
Slope of radius thrdéugh L.E.: 0.168

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- NACA 655-h18 ATRFOIL

[Stations and ordinates given
in percent of airfoll chord]

Upper surface Lower surface
Station Ordinate Statlon Ordinate

0 0 0 0
.278 1.518 . 722 -1.,218
-503 1.729 .997 -1-h%9
.9&3 2.20 1.527 -1.781
2.181 ?.10 2.819 -2.360
L. 639 1. 1481 5.361 -3.,217
7.123% 2.266 1. 57 -3.870
.619 078 10.381 -L.10
1. 636 7.9%2 15.36) -5.250
19,671 9.061 20.323 -2.877
2h.1716 9.91% 25.28l -6.3 g

2 .368 10.5 30.232 -6.6
3]..82 10.9 25.17 -6.82
9.88 11.140 0.11 -6.85

943 11.091 45.057 -6.711
50.000 10.77 50.000 -6.%62
5.051 10.19 5l.. 949 -5.818
0.09% g.uos Za.goé -B.lah
65.12 .LLZ% L] 7,4. -ile g,.l.
70.146 ] 63.8&% -3.1,80
3.107 bioo7 74825 70

] . ] -1.
85.127 5.653 gh.87 -.946
90.092 2.350 89.90 -. 282
95.0[6 1.120 9.9 Ll

100 0 100 0

L.E. radius: 1.96
Slope of radius through L.E.: 0.168

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IITI.- NACA 65h'h21 AT RFOIL

[Stations dnd ordinates giwen
- 1in percent of alrfoil chord]

Upper surface Lower surface
Station Ordinate Station Ordinate
0 2ly6 0 ¢ 0 ) o -
. 1- 09 . "1- 0

.).[.08 1-332 1-(7)22 -1. 70
.932 2. 1.362 -2.02&
2.13 3.507 2.86 -2.763%
L. 583 2.07 5-&15 -a- 15
7.062 .32 7.33 -1, 632
9.552 7.362 10.4L3 -2-29h
1&-27 9,0%1 15.424 -6.3%9
19.616 10.300 20.38), -7.116
2l . 668 11.267 25.332 -5.687
29.729 11.972 30.271 -8.08L
51.396 12.% 3 55.20l, -8.313
zz. 6 12.6LC 40.122 -8.356
.93 12.549 45.0 -8.169
0.G00 12.1&2 50.000 -7.73%
5.05 11.45 5&.3&1 -2.076
0.108 16.525 Zz. 92 -6.201
65.1%3 g. 70 .855 -&.290
70.1 .157 69.832 -[1.269
5.175 6.802 7l..825 -3,222
C.167 5.381 33.835 -2.197
85.143 3.937 .85 -1.245
90.103 2.511 Bz.s 7 -. g
95.051 1.176 9l,.949 .0
100 0 100 o}
L.E. .radlus: 2.50
Slops of radius through L.E.: 0.168

NATTONATI, ADVISORY
COMMITTEE FOR AERONAUTICS
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CHORD IINF

CHORD LINE

CHORD LINE

NATIONAL ADVISORY

NACA 85,-421 AIRFOIL COMMITTEE FOR AERONAUTICS

Figure 1,- Sealed-gap O0,20c plain allercns of truc eirfoil contour on
NACA 652-815, 653-418, rri 65,4-421 airfoil sections,




L4H12

NACA CB No.

o

FREss RADy

P e S 20t

S Ta N  E y

L

Section angle of attack, o, deg

[t S M Sty s §

1 -

=1

Tt idfe
rkn

"B+<9

4

- 1
o ‘quetorszeoo 3i7T wopices

bt

8 U O O O

K

i

Lt

-
6

equippe
s R, 6 x 10

with sealed~gap 0,20c plain aileron of true airfoll contour

Figure 2.~ Lift charecteristics of an NACA 652-415 airfoil section
(approx.); test, TDT 605,




]

NACA CB No. L4H12 G Fig.

RRRAE ST A Y
_ *“"‘J'“T‘“* L[] e oo AN E W AL R
NESN L ST A T i
et Lt | a1, ssr—l BATSE & | e Al L | P
el ©20 1?'";3‘ )/ ;‘"-/o’}sf-"! frave; °,
O A s 5o 3
& T TP s e
18 o /Z/'/J/-*Z_/‘SD r & /};/' Zf -Wﬁ - - Sl
FER I e € = . ;
mE FIAAy A T .
g bl IVAAVAIAVAV(E &S AN
i L /53 7/)//'/9 /;f;- Z/- |
TR A A
r bl NP2 7; N

g
e b
™\
xi
™~
M
™~
L

HENNS ) .
sla 4 A Y F 3 i : o
- A G eE i
- N ' |
P AR oo

Ll ale |
<22 | | |-a3h -16 BTl 18| | 16 l, 22
o ‘ ] Section angle of attack, a_, deg

- | A o I S .

Figure 3,~ Lift characteristics of an KACA 653-418 airfoll sectlon equipped
wlth sealed-gep 0,20¢ plailn aileron of true airfoll contour; R. 6 x 10
(approx.}; test, TDT 629, _




Fig.

L4H12

NACA CB No.

~ 1

TS

St

RESiapaRE sS It

i3

0y bl ka RS (R

-
b
R S

]

L

Section lﬁglé'of lftauk, L deg

T

|
T

SRR T IO T

1

LT

L

rt =

-

& = —t
3 T, to ‘quey J¥T U8t
it o 2 iy

it =i

EE

quipped
6 x 106

»20c plain aileron of true airfoll oontour; R,

o
[nd
a
QB
;
a9
yﬂ
Q
[
o

® on
u)
:
L
£
1%
78

Flgure 4.~ Lift characteristics of an NACA 65,~421 airfoil sectlon e



NACA CB No. L4H12 L] Fig.

© NACA 65,-415
+ NACA 653-u18
X NACA 65,_;1;21' )

.0600 ‘
(=]
T
o O— ]
T [ T
. 81‘3 .0500
S~
9 12 15 18 21
Alrfoil thickness, percent chord
.1200
o
o
'a
Py I \
X
o”|g° .1100 [
X
9 12 15 18 - 21
Alrfoll thickness, percent chord
5 é l
) N

/—\0 &
cpleoou \—TNACA 0009 (reference 2) -
© |0

TIONAL | ADVISORY
COMMITTEE FOR AERONRUTICS

9 12 15 18 21
Alirfoll thickness, percent chord

: éc éc
- ’ and
Figure 5,- Variation of <B-5ﬁ)a o0 <-6;¢};>8 _.00,
o~ 8=

(6(10) with airfoil thickness for NACA 65,-415,
aje,
655-418, and 65,~421 airfoll sections equipped with

sealed-gap 0.,20¢c plain aillerons of true airfoil
contour; R, 6 x 10° (approx,).




Acy,
0

Increment of section 1ift coefficient,

due to total alleron deflection of +10

U
1.2
- — — -~ — = —~ o
, N || 1 moa 65,5
NACH 653-1;18 +— '\\\t\\\_ —
==t.]
NACA 651;'1‘21 —d
N
COMMITTEE %R MR?TN
o .
-6 <l -2 0 2 L 6 8 10 - 12

Section angle of attack, a,, deg
Figure 6,- Variation of Ao, with a  for NACA 65,-415, ‘

655-418, and 65,-421 airfoll sections equipped with

sealed-gap 0,200 plain allerons of true airfoll
contour; R, 6 x 10° (approx.).

"ON gD VDOVN

3TH?1

‘3814



t’

Ac

Increment of sectlion 1lift coefficient,
due to total aileron deflection of +15°

L
1.6
/r"
L ____._—-—-‘——— I e,
-1 \\\\_‘-\\\ /T NACA 652-1415
1.2 —~ \\
NACA 653.1._18 1749~ ~ \\\\\ .
\\ L \\~ \
.8 NACA 65, -h21 —f_}
b AIIONAI ADVISGRY
COMMITTEE FQR AEROBAUTICS
0
« iy -2 0 2 6 8 10 12
Section angle of attack, Gy, deg
L )

Figire 7,- Variation of pe, with a,  for NACA 655-415, 653-418, and
654-421 airfoll sections equipped with sealed-gap 0,20¢ plain allerons
of true airfoil contour; R, 6 x 108 (approx. ),
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